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CO2 flux-measurement in dominant tundra vegetation on the 
Seward Peninsula of Alaska was examined for spatial 
representativeness, using a manual chamber system. In order to 
assess the representativeness of CO2 flux, a 40 m × 40 m (5-m 
interval; 81 total points) plot was used in June, August, and 
September of 2011. Average CO2 fluxes in lichen, moss, and 
tussock tundra were 3.4 ± 2.7, 4.5 ± 2.9, and 7.2 ± 5.7 mgCO2/m2/
m during growing season, respectively, suggesting that tussock 
tundra is a significant CO2 source, especially considering the wide 
distribution of tussock tundra in the circumpolar region. Further, soil 
temperature, rather than soil moisture, held the key role in 
regulating CO2 flux at the study site: CO2 flux from tussock 
increased linearly as soil temperature increased, while the flux from 
lichen and moss followed soil temperature nearly exponentially, 
reflecting differences in surface area covered by the chamber 
system. Regarding sample size, the 81 total sampling points over 
June, August, and September satisfy an experimental average that 
falls within ±10% of full sample average, with a 95% confidence 
level. However, the number of sampling points for each variety of 
vegetation during each month must provide at least ±20%, with an 
80% confidence level. In order to overcome the logistical 
constraints, we were required to identify the site’s characteristics 
with a manual chamber system over a 40 m × 40 m plot and to 
subsequently employ an automated chamber for spatiotemporal 
representativeness.  
1)  The monthly average CO2 flux in June, August, and September decreased 
8.0 ± 3.6, 3.3 ± 1.3, and 2.6 ± 0.8 mgCO2/m2/m and followed soil 
temperature’s decrease over time, which is a more important factor in 
modulating the flux than soil moisture,  
2) Tussock tundra is a greater atmospheric CO2 source in the tundra 
ecosystem: surface area in tussock covered by the chamber was two-fold 
higher than in lichen and moss, 
3) A total of 81 sampling points in June, August, and September are required 
for the manual chamber system to gain an experimentally spatial 
representativeness of the flux that falls within ±10% of full sample 
average with 95% confidence level  
RESULTS AND DISCUSSION 
2. CO2 flux vs environmental factors 
CONCLUSIONS 
1. Council: 64°51’38.3” N; 163°42’39.7” W; 45 m.a.s.l., 
2. Vegetation: lichen, tussock tundra, sphagnum and feather moss, 
3. Portable CO2 efflux-measurement system (NDIR analyzer, pump,  
     laptop) within 81 point (40X40 m; 5-m interval), 
4 Measurement of soil temperature at 5 and 10 cm, pH, thaw depth,    
   and soil  moisture, 
1. Seasonal variations of CO2 flux and 
factors 
3.Q10 and Representativeness  
INTRODUCTION
Comparisons of ecosystems along latitudinal gradients provide
an opportunity to document spatial patterns of vegetation
community structure and ecological processes that have
developed over time in response to long-term environmental
conditions. These observations can serve as the basis for
developing equilibrium biogeographic models (e.g. Prentice
et al., 1992; Epstein et al., 2002) or incorporating long-term
behaviour of systems into dynamic vegetation models (e.g.
Chapin & Starfield, 1997; Epstein et al., 2000; Kittel et al.,
2000; Rupp et al., 2001). Many latitudinal studies have focused
on one or a few ecological properties such as vegetation
composition (e.g. Bliss, 1995), satellite-derived indices of
vegetation (e.g. Jia et al., 2002) or carbon fluxes (e.g. Valentini
et al., 2000), although there have been a few recent studies that
examined a variety of ecosystem properties along latitudinal
gradients (see McGuire et al., 2002; Walker et al., 2003a,b).
Here we report a synthesis of information gathered over a
10-year interdisc plinary study (within the NSF program
Land–Atmosphere–Ice Interactions, LAII) along a latitudinal
gradient from the High-Arctic tundra to the boreal forest. The
North American portion of the study spans a latitudinal range
of c. 30! and a mean annual temperature gradient of c. 10 !C,
and therefore includes a variety of vegetation/ecosystem types
as well as multiple biomes.
The transitions between the ecosystems found along this
gradient are potentially controlled by many factors, including
climate, soil substrate changes, topography, and disturbance
and may be expressed as either gradual or abrupt spatial
changes. Ecosystem properties can differ dramatically from
one side of a transition to the other. We focus on spatial
transitions, because these often receive less attention in
gradient studies than the larger areas of relatively homogen-
eous properties. More importantly, transitions are places
where ecosystems can change dramatically in response to
dynamics of some environmental factor, such as climate (e.g.
Neilson, 1993; Noble, 1993; Paruelo et al., 1999; Scanlon
et l., 2002). In certain cases thes transitions reflect abrupt
changes with underlying ecological controls, but in other
cases they may indicate thresholds in ecological response that
reflect the sensitivity of the system to environmental change.
An improved understanding of factors controlli g spatial
transitions may therefore provide insight into ways that a
changing environment might trigger vegetation and ecosys-
tem change. These may also be the locations where ecosystem
responses to a gradually changing environment are first
detected.
Figure 1 Subzones and transitions of northern Alaska, including important LAII Arctic Transitions of the Land–Atmosphere System
(ATLAS) sites. Modified from Walker et al. (2003b).
H. E. Epstein et al.
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Figure 2. Spatiotemporal variations of CO2 fluxes within 40 m X 40 m plot (5-m interval; 81 points), Council, 
Seward Peninsula, Alaska on a) June, b) August, and c) September of 2011. White and black areas denote 





Figure 3. Spatiotemporal variations of soil temperatures at 5 cm (upper) and 10 cm (lower) below the surface 
within 40 m X 40 m plot, Council, Seward Peninsula, Alaska on a) June, b) August, and c) September of 2011. 





Figure 4. Spatiotemporal variations of soil moisture (a and b) and pH (c) (upper panel), and thaw depth (lower) 
within 40 m X 40 m plot, Council, Seward Peninsula, Alaska on June (a and d), August (b and e), and September 
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Figure 5. Relationship between CO2 flux and soil temperature at 5 cm (upper) and 10 cm 
(lower) below the surface in lichen (a and d) , moss (b and e), tussock tundra (and c and f), 
Council, Alaska on June (open circles; solid line), August (grey circles; dotted line), and 
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Table 2.Q10 values and correlation coefficient between CO2 flux and soil temperature at 5 and 10 cm below the soil surface
             in lichen, moss, and tussock during the growing season based on a one-way ANOVA with a 95% confidence level
Vegetation Month
  Q10 R
2 p Q10 R
2 p
Lichen June 2.05 0.10 <0.001 1.68 0.01 0.018
August 8.58 0.36 <0.001 2.47 0.04 <0.001
September 10.59 0.43 <0.001 6.87 0.32 <0.001
Total 4.97 0.34 <0.001 1.06 0.01 0.032
Moss June 1.58 0.26 <0.001 1.54 0.15 0.073
August 6.59 0.40 <0.001 5.88 0.41 <0.001
September 7.54 0.28 <0.001 10.10 0.78 <0.001
Total 5.05 0.62 <0.002 4.46 0.21 <0.001
Tussock June 2.68 0.54 0.890 2.01 0.33 0.005
August 8.66 0.68 <0.001 11.70 0.66 0.041
September 10.74 0.58 <0.001 9.64 0.44 0.008
Total 6.15 0.73 0.018 5.44 0.39 0.467
5 cm 10 cm
Table 3. Number of required sampling points for static chamber on different vegetation to achieve different degrees of precision 
             (within±10% to 20% of full sample average) with 80 and 95% confidence level
Month, 2011 Vegetation No. of actually 
 measured points Average S.D. Within ±10% Within ±20% Within ±10% Within ±20%
June Lichen 22 5.7 3.6 70 17 173 43
Moss 43 7.8 2.2 13 3 31 8
Tussock 16 12.9 6.2 42 10 105 26
Average 81 8.0 3.6 28 7 64 16
August Lichen 24 2.5 1.2 40 10 99 25
Moss 41 3.3 1.7 44 11 102 25
Tussock 16 5.1 2.7 51 13 129 32
Average 81 3.3 1.3 21 5 50 13
September Lichen 23 2.3 0.9 27 7 66 16
Moss 43 2.5 1.2 38 9 89 22
Tussock 15 3.5 1.5 33 8 85 21
Average 81 2.6 0.8 13 3 31 8
CO2 flux (mgCO2/m2/m) 80% 95%
To estimate the number of sampling points required for each approach 
at various degrees of precision at a specific level, the equation n = [ts/
D]2 is used, where n is the sampling point requirement, t is the t-
statistic for a given confidence level and degrees of freedom, s is the 
standard deviation of the full samples of measurement, and D is the 
desired interval about the full sample average in which a smaller 
sample average is expected to fall.  
CO2 flux from tundra lichen, moss, and tussock, Council, Alaska:  
Assessment of spatial representativeness  
